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Abstract 

In this work, we first define intuitionistic fuzzy parametrized soft sets (intu- 
itionistic FP-soft sets) and study some of tlieir properties. We tlien introduce 
an adjustable approacfies to intuitionistic FP-soft sets based decision making. 
We also give an example which shows that they can be successfully applied 
to problems that contain uncertainties. 
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1. Introduction 

Many fields deal with the uncertain data which may not be success fully 



modeled by the classical mathematics, probability theory, fuzzy sets [33 



rough sets [30[, and other mathematical tools. In 1999, Molodtsov [28| pro- 
posed a completely new approach so-called soft set theory that is more uni- 
versal for modeling vagueness and uncertainty. 

After definitions of the operations of soft sets |3l,[ll, 26, 32|, the properties 
and applications on the soft set theory have been studied increasingly (e.g. 
0, 0, IsD- The algebraic structure of soft set theory has also been studied 
increasingly (e.g. [H, Q, [sl, 0, 17, 18, 19, 20, 31|). In recent years, many 
interesting applications of soft set theory have been expanded by embedding 
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Qagman et a/. [8| defined FP-soft sets and constructed an FP-soft set 
decision making method. In this paper, we first define intuitionistic fuzzy 
parametrized soft sets (intuitionistic FP-soft sets), and study their opera- 
tions and properties. We then introduce a decision making method based 
on intuitionistic FP-soft sets. This method is more practical and can be 
successfully applied to many problems that contain uncertainties. 



2. Preliminary 



In this section, we present the basic definitions of soft set theory [28|], fuzzy 
set theory 33|, intuitionistic fuzzy set theory pj;] and FP-soft set theory [sf 
that are useful for subsequent discussions. 

Definition 1. Let U he an initial universe, P{U) he the power set of U , E 
is a set of parameters and A <Z E. Then, a soft set Fa over U is defined as 
follows: 

Fa = {{xJa{x)) -.xeE} 

where fA-E^ P{U) such that fA^x) = $ if x ^ A. 

Here, fA is called approximate function of the soft set Fa, and the value 
fA{x) is a set called x-element of the soft set for allx G E. It is worth noting 
that the sets fA{x) may he arhitrary. 

Definition 2. Let U he a universe. Then a fuzzy set X over U is a function 
defined as follows: 

X = {{fix{u)/u) -.ueU} 

where nx '■ U — )■ [0.1] 

Here, called memhership function of X , and the value fix{u) is called 
the grade of memhership of u & U. The value represents the degree of u 
helonging to the fuzzy set X . 

Definition 3. Let E he a universe. An intuitionistic fuzzy set A on E can 
he defined as follows: 

A = {< X, jj,Aix),'jAix) >: X e E} 

where, fiA '■ E ^ [0, 1] and •ja '■ E ^ [0, 1] such that < fiA^x) + 7^(2;) < 1 
for any x E E. 
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Here, jiA^x) and ^a{x) is the degree of membership and degree of non- 
membership of the element x, respectively. 

If A and B are two intuitionistic fuzzy sets on then 

i. A <Z B a and only if ^ia{x) < IJ>b{x) and 7^(2^) > Isix) for & E 

ii. A = B if and only if fiA^x) = jiB^x) and 7^1(2;) = 75(0;) \/x & E 

iii. A'' = {< x,'yAix), fiAix) >: x G -E} 

iv. ^4 U S = {< X, maa;(//A(2^), A*b(2^)), ?77.m(7A(a;), 7^(0;) >: x E E}, 
V. A n S = {< X, mm(//A(3:^), A*b(2^)), ?7T.ax(7A(a:;), 7s(3:^) >: a:; £ -B}, 

vi. A + B = {< X, fxxix) + fxyix) - fXxix)fiYix),'yxix)'yYix) >: x E E}, 

vii. ^ • 5 = {< a;, AiA(a:;)AiB(a:;), 7^(2^) + Jb{x) - ja{x)jb{x) >: x e E}. 

Definition 4. Let U be an initial universe, P{U) be the power set of U, E 
be a set of all parameters and X be a fuzzy set over E. Then a FP-soft set 
{fx, E) on the universe U is defined as follows: 

{fx,E) ^ {{f,x{x)/x,fx{x)) : X e E} 

where fix '■ E — )> [0.1] and fx'-E^ PiP) such that fx{x) = if fix (x) = 0. 

Here fx called approximate function and fix called membership function 
of FP-soft sets. 

3. Intuitionistic FP-soft sets 

In this section, we define intuitionistic fuzzy parametrized soft sets (in- 
tuitionistic FP-soft sets) and their operations. 

Definition 5. Let U be an initial universe, P{U) be the power set of U , E 
be a set of all parameters and K be an intuitionistic fuzzy set over E. An 
intuitionistic FP-soft sets YLk over U is defined as follows: 

n^r = |(< x,aK{x),/3K{x) >Jk{x)) : x e E^ 

where ax : E ^ [0.1], '■ E ^ [0.1] and fx'-E^ P{U) with the property 
fxix) = if axix) — and I3k{x) — 1. 

Here, the function ax and called membership function and non-membership 
of intuitionistic FP-soft set, respectively. The value aK{x) and Pk{x) is the 
degree of importance and unimportant of the parameter x. 



3 



Obviously, each ordinary FP-soft set can be written as 

lift: = |(< X, axix), 1 - axix) >, fxix)) : x e -E| 

Note that the sets of all intuitionistic FP-soft sets over U will be denoted by 
IFPS{U). 

Definition 6. Let ]1k e IFPS{U). If axix) = and (5k{x) = 1 for all 
X G E, then Uk is called a empty intuitionistic FP-soft sets, denoted by U$. 

Definition 7. LetUK G IFPS{U). Ifaxix) = 1, I3k{x) = and fx {x) = U 
for all X & E, then Uk is called universal intuitionistic FP-soft set, denoted 

by u^- 

Example 1. Assume that U = {ui,U2,U3,U4,U5} is a universal set and 
E — {xi,X2,X3,X4} is a set of parameters. If 

K = {< X2, 0.2, 0.5 >, < X3, 0.5, 0.5 >, < x^, 0.6, 0.3 >} 

and 

fK{x2) = {U2, Ui}, fxixz) = 0, fK{Xi) = U 

then an intuitionistic FP-soft set ILk is written by 

= {(< X2, 0.2, 0.5 >, {U2, M), (< ^3, 0.5, 0.5 >, 0), (< X4, 0.6, 0.3 >, U)} 

If L — {< a;i,0, 1 >, < ^2,0, 1 >, < X3,0, 1 >, < a;4,0, 1 >}, then the 
intuitionistic FP-soft set 11^ is an empty intuitionistic FP soft set. 

If M = {< a;i,l,0 >,< a;2,l,0 >, < a;3,l,0 >, < ^4, 1,0 >} and 
fnixi) = U, fM{x2) = U,fM{xz) = U and fM{xA) = U, then the intu- 
itionistic FP-soft set IIm is a universal intuitionistic FP-soft set. 

Definition 8. '^lK,l^L G IFPS{U). Then IIx is a intuitionistic FP-soft 
subset of JIl, denoted by JIk'^^l, if and only if axix) < C(l{x), (3k{x) > 
Pl{x) and fxix) C /^(a:) for all x & E. 

Remark 1. JIkQ^l does not imply that every element of JIk is an ele- 
ment o/IIl as in the definition of classical subset. For example, assume that 
U — {ui, U2, Us, U4} is a universal set of objects and E — {xi,X2, xs} is a set 
of all parameters. If K = {< Xi, 0.4, 0.6 >} and L = {< ,xi,0.5,0.5 >, 
< X3, 0.4, 0.5 >}, and Uk = {(< Xi, 0.4, 0.6 >,{u2,Ui})}, Ul = {(< 
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Xi, 0.5, 0.5 >, {u2. U3. U4_}), {< 3:3,0.4, 0.5 >,{?ii, U5})}, then for all X G E, 
c^Kix) < aL{x), f3K{x) > and 11k {x) C YLl{x) is valid. Hence 

Ili^cn^. It is clear that {< xi, 0.4, 0.6 >,{m2,M4}) e 11^ but{< xi, 0.4, 0.6 > 
, {u2,Ua}) ^ IIl. 

Proposition 1. LetU-K^H-L e IFPS{U). Then 

i. n^cUg 
a. n$cn^ 

iii. JIkQUk 

Definition 9. Uk, 11^ G IFPS{U). Then IIx and IIl are intuitionistic FP- 
soft-equal, written by JIk — Ul; if and only if axix) — ckl{x) , Pk{x) — 
and fxix) = for allx e E. 

Proposition 2. Let Uk,Ul,U.m G IFPS{U). Then 

i. H-K = III, and 11^, = IIm ^ — Um 

a. Ili^CIIi and IliCIIi^ 44> 11^^ = 11^ 

iii. IIxCIIl and UlCIIm ^ ^k'^^m 

Definition 10. Ili^ G IFPS(U). Then complement o/II^; denoted by U.^, 
is a intuitionistic FP-soft set defined by 




where fK<^{x) fxix). 



Proposition 3. Let Uk G IFPS{U). Then 



Hi. YL% = 11$ 
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Definition 11. 11/^,11/, e IFPS{U). Then union ofUx and Ul, denoted 
by II/fUllL; is defined by 

11^0111, = ^^^{< x,max{aK{x),aL{x)),min{l3K{x),l3L{x)) >Jki)l{x)) ■ x e 

where fKudx) = //^(x) U /^(x). 
Proposition 4. Let Uk,U.l,U.m G IFPS{U). Then 
i. UkIMk = Ui^ 

a. nft:un$ = n^^ 

Hi. IIxUlI^ = 

iv. Ui^uUi = niun^ 

V. {UkUUl)UUm - Ui^U(ULUUM) 

Definition 12. n^.U^ G IFPS{U). Then intersection of Uk and Ul, 
denoted by n^nlli, is a intuitionistic FP-soft sets defined by 

Ilxnlli = I < x,min{aK{x),aL{x)),max{l3K{x),l3L{x) >,fKnL{x)) : x e 

where fxiiLix) = fxix) fiix). 

Proposition 5. LetUK,UL,UM G IFPS{U). Then 

I. nj^nUj^ = ]1k 

a. iiii-nii^ = 11$ 

Hi. iixnn^ = yLk 

iv. H-k^^iIl = nifinx 

V. (n^nnL)nnM = n^n(nLnnM) 

Remark 2. Let YLk G IFPS{U). IJUk n$ orUx U^, then UkOW^ + 

and n^nn^ 7^ n$. 

Proposition 6. Let ^k.^u^m G IFPS{U). Then 



i. n^u(ninnM) = (n^uni)n(n^unM) 
II. nj^n(ni,unM) = (nj^nni)u(nj^nnM) 



Proposition 7. Let ILk,UlIFPS{U). Then following DeMorgans types of 
results are true. 

i. (n^^un^)^ = n^^nni 

Definition 13. Uk,Ul e IFPS{U). Then OR-sum ofUx andUL, denoted 
by JIk V"^ JIl, is defined by 

Uk V+ Ul{x) = 

{(< x,aK{x) + aL{x) - aK{x)aL{x), I5k{x)I5l{x) >Jki)l{x)) : x e e\ 



where fKuM = fK{x) U 

Definition 14. Uk,Ul G IFPS{U). Then AND-sum of Uk and Ul, de- 
noted by lift- A'^ U-L, is defined by 

Uk A+ Ul{x) = 

\ (< X, axix) + aL{x) - aK{x)aL{x), (3k{x)Pl{x) >, fRndx)) : x e e\ 



where fKnii^) = fK{x) D fL{x). 

Proposition 8. Let Uk,U.l,U.m G IFPS{U). Then 

i. U.K v+ n$ = 
a. iLk v+ = 

Hi. Uk V+ ]1l = Ul V+ Uk 
iv. Uk A+ Ul = Ul A+ Uk 

V. (Uk V+ n^) V+ Um = V+ (Ul V+ Um) 

(n.^ A+ Ul) A+ Um = A+ (Ul A+ Um) 
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Definition 15. 11^^,11/, G IFPS{U). Then OR-productU-K andU-L, denoted 
by U-K Ul, is defined by 



I < X, aK{x)aL{x),/3K{x) + /3l{x) 

where fKuM = fxix) U fiix). 

Definition 16. n^, e IFPS{U) 
noted by II^ 11^, is defined by 

I < X, aK{x)aL{x),^K{x) + ^l{x) 

where fxHiix) = fxix) D fiix). 
Proposition 9. LetUK,UL,UM e IFPS{U). Then 

i. Uk n$ = n$ 
a. Uk = 

Hi. Uk A^ = Ul A^ Uj^ 
m Ul = Hi 

i;. (n^ AX Hi) AX Um = AX (n^, AX Um) 

vi. {Uk VX n^) vx Um = Uk VX (H^ yx Um) 

4. Intuitionistic FP-soft decision making method 

In this section, we have defined a reduced intuitionistic fuzzy set of an 
intuitionistic FP-soft set, that produce an intuitionistic fuzzy set from an 
intuitionistic FP-soft set. We then have defined a reduced fuzzy set of an 
intuitionistic fuzzy set, that produce a fuzzy set from an intuitionistic fuzzy 
set. These sets present an adjustable approach to intuitionistic FP-soft sets 
based decision making problems. 

8 



- /3k{x)/3l{x) >Jkul{x)) :xeE^ 
. Then AND-product Uk and Ul, de- 



- /3k{x)/3l{x) >, /khM) -.xeEj 



Definition 17. Let JIk be an intuitionistic FP-soft set. Then, a reduced 
intuitionistic fuzzy set ofJIx, denoted by K^if, defined as follows 

where 

OiK^if -.U ^[0,1], aK,.^{u) = Tff7 Yl '^K{x)XfK{x)il^) 



xGE,u£U 



pK^^f-.U ^[0,1], Pk^^^{u) = — ^ Pk{x)xmx){u) 

where 



xeE,ueu 



1, u ^ fxix) 

Here, ax^-^ and /Sx^ij- are called reduced-set operators of Krif. It is clear that 
Krif is an intuitionistic fuzzy set over U. 

Definition 18. II^ € IFPS{U) and Krif be reduced intuitionistic fuzzy set 
ofU-K- Then, a reduced fuzzy set of Krif is a fuzzy set over U, denoted by 
Krf, defined as follows 

Krf = \^IJ'Krf{u)/u : M e t/| 

where 

f^Krf : C/ ^ [0, 1], UKrfiu) = aK,.^{u){l - pK^.fiu)) 

Now, we construct an intuitionistic FP-soft decision making method by 
the following algorithm to produce a decision fuzzy set from a crisp set of 

the alternatives. 

According to the problem, decision maker; 

i. constructs a feasible intuitionistic fuzzy subsets K over the parameters 
set E, 

ii. constructs an intuitionistic FP-soft set JIk over the alternatives set U, 

iii. computes the reduced intuitionistic fuzzy set Krif of U.k, 

iv. computes the reduced fuzzy set Krf of Krif, 
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V. chooses the element of K^f that has maximum membership degree. 



Now, we can give an example for the intuit ionistic FP-soft decision making 



method. Some of it is quoted from example in [11 



Example 2. Assume that a company wants to fill a position. There are 5 
candidates who fill in a form in order to apply formally for the position. There 
is a decision maker (DM), that is from the department of human resources. 
He want to interview the candidates, but it is very difficult to make it all of 
them. Therefore, by using the intuitionistic FP-soft decision making method, 
the number of candidates are reduced to a suitable one. Assume that the set 
of candidates U = {-Ui, ^2, W3, M4, M5} which may be characterized by a set of 
parameters E = {ai, 02, a^, 04}. For i = 1, 2, 3, 4 the parameters ai stand for 
experience, computer knowledge, training and young age, respectively. Now, 
we can apply the method as follows: 

Step i. Assume that DM constructs a feasible intuitionistic fuzzy subsets 
K over the parameters set E as follows; 

K = {<xi, 0.7, 0.3 >, < X2, 0.2, 0.5 >, < 0:3, 0.5, 0.5 >, < X4, 0.6, 0.3 >} 

Step a. DM constructs an intuitionistic FP-soft set ILk over the alterna- 
tives set U as follows; 

= |(< xi, 0.7, 0.3 >, M2, M4}), (< X2, 0.2, 0.5 >, U), (< X3, 

0.5,0.5 >, {■Ui,M2,M4}), (< X4, 0.6, 0.3 >, {m2,M3})| 

Step Hi. DM computes the reduced intuitionistic fuzzy set K^if of TLk o,s 
follows; 

Krif = |(< Ml, 0.28, 0.26 >,< M2, 0.40, 0.32 >,< M3, 0.16, 0.16 >, 
< M4, 0.28, 0.32 >, < U5, 0.04, 0.10 > | 

Step iv. DM computes the reduced fuzzy set K^f of K^if as follows; 

Krf = |o.2072/mi, 0.2720/M2, 0.1344/^3, 0.1904/^4, O.O36O/M5} 
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Step V. Finally, DM chooses U2 for the position from K^j since it has the 
maximum degree 0.2720 among the others. 

Note that this decision making method can be apphed for group decision 
making easily with help of the Definition [131 Definition [H] Definition [15] and 
Definition [161 



5. Conclusion 

In this paper, we first defined intuitionistic FP-soft sets and their oper- 
ations. We then presented the decision making method on the intuitionistic 
FP-soft set theory. Finally, we provided an example that demonstrated that 
the decision making method can successfully work. It can be applied to prob- 
lems of many fields that contain uncertainty such as computer science, game 
theory, and so on. 
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